Currently, information on prevalence of soil-transmitted helminth (STH) infections among different tribes of Orang Asli (aboriginal) is scarce in Malaysia. The present study is a cross-sectional study aimed at determining the factors associated with the prevalence of STH infections among the Proto-Malay, Negrito and Senoi tribes. Faecal samples were collected from 500 participants and socioeconomic data was collected via pre-tested questionnaire. All samples were processed using formalin-ether sedimentation and Wheatley's trichrome staining. Trichuris trichiura (57%) was the most common STH seen among the participants, followed by Ascaris lumbricoides (23.8%) and hookworm (7.4%). Trichuriasis and ascariasis showed an age-dependency relationship; significantly higher rates were observed among Senois who aged ,15 years. Likewise, Negritos also showed an age-dependency association with ascariasis affecting mainly the under 15 years old individuals. Multivariate logistic regression model indicated the following predictors of trichuriasis among these communities; being aged ,15 years, consuming raw vegetables, belonging to a large household members ($8) and earning low household income (,RM500). Meanwhile, ascariasis was significantly related to participants being aged ,15 years and earning low household income. Two risk factors were found to be associated with hookworm infection; consuming raw vegetables and eating contaminated fresh fruits.
I
nfections with soil-transmitted helminths (STHs) affect more than one billion people, particularly the rural poor of the developing world 1 . Approximately one third of the world's population is infected with at least one species of STH, with Ascaris lumbricoides infecting 800 million people, Trichuris trichiura 600 million, hookworm 600 million and resulting in up to 135,000 deaths annually 2 . STHs have also been classified among the most prevalent neglected tropical diseases as they persist exclusively in the poorest populations (i.e., ,US$1.25 per day) and thus are often forgotten 3 . Warm climates and adequate moisture are essential for the hatching or embryonation of STH eggs in the environment or development of larvae. Important contextual determinants for human infection are poverty, lack of sanitation and inadequate hygiene (i.e., absence of hand washing with soap after defecation and before eating and walking barefoot) 4, 5 . In such social-ecological systems, multiple species of STH infections are common 6 . Transmission of STHs occurs via contact with contaminated soil (hookworm) or consumption of egg-contaminated foods (A. lumbricoides and T. trichiura) 4 . An important epidemiological feature is their highly aggregated distribution; the majority of patients harbour low intensity infections, while only few individuals harbour very heavy infections 7 . People infected with STHs may suffer from anaemia, growth stunting, diminished physical fitness and impaired cognitive development 6 , representing a persistent drain on socioeconomic development of low-income countries 8, 9 . In Malaysia, STHs are considered as endemic infections and the prevalence rates vary considerably across different areas (populations). The infections are predominantly seen in children, especially in the underprivileged communities [10] [11] [12] [13] . Although the incidence of clinical consequences associated with these infections is very low, they are still a matter of public health concern in Malaysia because the prevalence and the intensity of these infections are still high. Furthermore, the prevalence of STHs in Malaysia is worse in low-income communities which include Orang Asli (aboriginal) groups Within this context, we conducted a cross-sectional study to provide a comprehensive data of the current status and factors associated with the high prevalence of STHs among different Orang Asli tribes in Peninsular Malaysia. The establishment of such data will be beneficial for the public health authorities to reassess the effectiveness of the current control programme (i.e., deworming programme every six months and the usage of a broad spectrum anthelminthics such as albendazole and mebendazole) and planning of more specific control strategies and policies in combating the infections among the ProtoMalay, Negrito and Senoi tribes.
Results
Study cohort and socioeconomic profile. From 795 enrolled participants, 31.8% failed to submit their faecal samples and/or were absent during parasitological survey. Thirteen participants had no PVA-fixed faecal sample and 29 participants were absent during the household-based interviews and hence their socioeconomic status could not be determined. Overall, a total of 500 participants (62.9%) were present during the cross-sectional study and respond to the questionnaire. Among this cohort, 150 individuals (30%) were from the Proto-Malay tribe, 139 (27.8%) Table 1 .
Prevalence of soil-transmitted helminth infections. Trichuriasis was the highest infection found among Negritos (81.3%), Senois (49.8%) and Proto-Malays (44.7%) as compared to ascariasis and hookworm infection (Table 2) . A. lumbricoides and T. trichiura showed significantly higher infections in the Senoi (A. lumbricoides: P , 0.001; T. trichiura: P 5 0.023) and Negrito (A. lumbricoides: P 5 0.001) tribes among those aged ,15 years. T. trichiura infection was significantly high in Negritos as compared to ProtoMalays (Negrito versus Proto-Malay: x 2 5 39.864; P , 0.001) and Senois (Negrito versus Senoi: x 2 5 35.468; P , 0.001). In contrast, A.
lumbricoides infection was significantly high in Senois as compared to Proto-Malays (Senoi versus Proto-Malay: x 2 5 60.868; P , 0.001) and Negritos (Senoi versus Negrito: x 2 5 22.225; P , 0.001). Although the prevalence rate of hookworm infection was high in Negrito (10.1%), but the difference was not statistically significant between the tribes. No significant difference of STH infections between genders in all tribes studied was observed.
Parasite associations. Table 3 summarize significant associations between T. trichiura, A. lumbricoides and hookworm infections with the demographic and lifestyle factors among different Orang Asli tribes. As for the Negrito tribe, four variables were found to be significantly associated with the T. trichiura infection; being aged less than 15 years, bathing and washing in the river, low father's education and earning low household income. Moreover, univariate analysis identified only one factor that significantly associated with the infection among Senois which is being aged less than 15 years. Among the Proto-Malay tribe, indiscriminate defecation, consuming raw vegetables, low mother's education, belonging to a large household members and low household income were found to be positively significantly associated with trichuriasis.
One variable was found to be significantly associated with ascariasis among the Negrito and Senoi tribes which was being aged ,15 years. Among the Proto-Malay tribe, indiscriminate defecation, outdoor sewage disposal, eating contaminated fresh fruits, belonging to a large household members and earning low household income were significantly associated with the A. lumbricoides infection.
As for the hookworm infection, consuming raw vegetables was found to be significantly associated in the Negrito tribe. Moreover, univariate analysis identified only one factor that significantly associated with the infection among Senois which was eating contaminated fresh fruits. Among the Proto-Malay tribe, indiscriminate defecation, consuming raw vegetables, belonging to a large household members and earning low household income were significant risk factors for hookworm infection.
Risk factors for T. trichiura, A. lumbricoides and hookworm infections. Table 4 shows the results of the multivariate logistic regression analysis between T. trichiura, A. lumbricoides and hookworm infections and risk factors among the Proto-Malay, Negrito and Senoi tribes. The data confirmed consuming raw vegetables, belonging to a large household member and earning low household income as significant risk factors of T. trichiura infection in the Proto-Malay tribe. Furthermore, earning low household income and being aged ,15 years were significant predictors identified in the Negrito and Senoi tribes, respectively. It also further confirmed that being aged less than 15 years was significant risk factor of ascariasis among the Negritos and Senois, whereas earning low household income was found to be a significant predictor among ProtoMalays. As for hookworm infection, consuming raw vegetables was found to be significant risk factor among the Proto-Malay and Negrito tribes. Meanwhile, eating contaminated fresh fruits was significant predictor among the Senoi tribe.
Association of soil-transmitted helminth infections with diarrhoea and other gastrointestinal symptoms. There were no significant association between T. trichiura, A. lumbricoides and hookworm infections with diarrhoea or other gastrointestinal symptoms such as abdominal discomfort, vomiting and nausea in all tribes studied. Discussion It is evident from our results that soil-transmitted helminth (STH) infections are still prevalent and constitute a major public health problem among Orang Asli communities in Malaysia. The overall prevalence rates of STHs were in agreement with those of local studies where trichuriasis was found to be the most prevalent (range from 26% to 98.2%), followed by ascariasis (range from 19% to 67%) and lastly hookworm infection (range from 3% to 37%) [20] [21] [22] . An earlier study of Orang Asli in Selangor reported that the overall prevalence of ascariasis, trichuriasis and hookworm infection were 62.9%, 91.7% and 28.8%, respectively 10 . However, observations in other parts of the world have recorded that A. lumbricoides and hookworm infections are more common than T. trichiura infection [23] [24] [25] [26] . The higher prevalence rate of trichuriasis was also observed in previous studies 10, 12, 27 and reported to be due to potential resistance of T. trichiura to most of anthelminthic drugs 11, 18 . It is interesting to note that although the distribution of STH infections according to species has remained the same (high prevalence of T. trichiura) for the last decades, the overall prevalence rates of STH infections in the present study have decreased significantly. The prevalence rate of T. trichiura has decreased from 67%-98% to 57%; similar observations were also made in A. lumbricoides and hookworm infections where the prevalence rates have dropped to 23.8% from 51% and 7.4% from 23.5%, respectively 10, 13, 28 . Meanwhile, trichuriasis and ascariasis were significantly high in the Negrito and Senoi tribes. This study also noted low STH infections in the Proto-Malay tribe.
In Malaysia, most of the Proto-Malay tribe used to migrate often but this practice has decreased over the past ten years. With better understanding of health and more permanent residence and better health care, the prevalence of STH has decreased from as high as 91.3% as reported by Dunn 29 to 59.5% in the current study. On the other hand, most of the Negrito and Senoi tribes still pursue nomadic lifestyles such as hunting, fishing, gathering fruits and herbs for sale or part-time cultivators. With the exception of the study conducted by Dunn 29 , most studies failed to focus on the tribe, culture and environment of the Orang Asli. Therefore, the current study found the importance of studying these particular groups as they live in diverse ecosystems and have diverse cultural practices and different approached to manage illness.
In Senois, being aged ,15 years was identified as a predictor of trichuriasis. Meanwhile, ascariasis was significantly high among those aged less than 15 years in both the Negrito and Senoi tribes. This is in line with previous findings and epidemiology of STH infections which in such that children beginning starts to explore the environment get affected most 12, 13 . It has also been reported that high prevalence rates persist after infancy through to adulthood with heavy worm burdens are found mainly among children 30, 31 . A study done by Noor Azian et al. 32 revealed that the highest infection rate was found in children aged less than 10 years old compared to other age groups even though it was not significantly different. During the visits to the villages, we observed that toddlers and young children were playing in groups outside the houses barefoot and eating unwashed vegetables and fruits contaminated with soil. Furthermore, children are more likely than adults to defecate in the open environment and to play in areas where excreta are dispersed, either by open defecation or by discarding latrine contents. Consistent with typical distribution patterns, hookworm prevalence was highest among young adults, although the reasons for this pattern remain unclear 33, 34 . Therefore, chemotherapy targeting children aged ,15 years is an appropriate strategy for controlling T. trichiura and A. lumbricoides infections. Several studies have reported a higher prevalence of infection in males than females 35, 36 whereas other studies have indicated the opposite finding 37, 38 . In the current study, the overall prevalence rates were not different between females and males. It is because both genders have an equal exposure to get these infections.
The prevalence rates of STH infections are also closely related to socioeconomic and overcrowded conditions. In this study, more than 60% of the population in Negritos and Senois villages were categorised under low household incomes family (,RM500), the poverty income threshold in Malaysia 39 . This leads to poor housing conditions and lacking of basic amenities as observed in villages of the Negrito and Senoi tribes which are difficult to maintain a good level of personal hygiene in this condition, resulting in favourable places for development of STHs ova in the soil and transmission of STH infections in these communities. This finding was also in agreement with previous studies conducted by other researchers 35, 40 . Osten et al. 41 and Maia et al. 42 reported that increased number of household members and overcrowded conditions are associated with higher frequency of parasitic infections. Our results concur with these findings. Presence of eight members or more in the family increased the risk of infection which may be attributed to the close contact within the crowded houses and lead to increase risk of intra-family transmission. This is in contradiction to the work of Quihui et al 35 which observed that family size had no significant effect on the rate of parasitic infection.
Other important factors contributing to the T. trichiuris and hookworm infections in the Proto-Malay and Senoi tribes were activities related to poor food hygiene such as consuming raw vegetables and eating contaminated fresh fruits. Soil-transmitted helminths are significantly associated with environmental conditions such as the contamination of soil with human faeces 43 and poor sewage disposal including the use of night soil as fertiliser 44 . When soil becomes contaminated, helminth eggs in the soil can be transferred to vegetables, then on to hands and then directly in the mouth 45 or ingested by eating raw vegetables or fresh fruits 44 . Steinmann 46 has reported that washing raw vegetables before eating them was protective against STHs. Thus, health education related to food hygiene is the main strategies in the control of trichuriasis and hookworm infection in both tribes.
We acknowledge several limitations of our methodology. The formalin-ether sedimentation and Wheatley's trichrome staining techniques employed for processing faecal samples do not yield data on parasite intensity but only on the prevalence rate. The methods were chosen for their efficiency and cost-effectiveness but are less sensitive than other commonly used procedures. Additional technique such as Kato-Katz would have been able to provide useful data on the relative intensity of infections. Harada-Mori culture was not carried out due to the limitation of the faecal samples. Therefore, the hookworm species could not be detected in this study. However in Malaysia, hookworm infection is caused predominantly by Necator americanus 29 . The present study provides reasonably good estimates of prevalence for most species but not, of course for Enterobius vermicularis or Strongyloides stercoralis. Pinworm surveys were not attempted. The culture of S. stercoralis was not feasible under field conditions; although it would have been possible in the hospital surveys, it was omitted for lack of time. The prevalence of E. vermicularis could not be estimated as the refusal rate for the application of the cellophane tape was high.
Only one faecal sample was examined instead of the ideal three consecutive samples due to the level of cooperation and response of the parents and guardians. Therefore, there is likely to be a significant underestimation of infection. This underestimation is based on the fact that a single sample misses infection in an individual because of the temporal variation in egg excretion over hours and days. It has been shown that obtaining only a single sample for A. lumbricoides and T. trichiura can underestimate infection rates by up to 50% 47 . Finally, the current study did not offer a quantify look at the physical effects of STH infections. Children infected with STHs are expected to have significantly lower weight-for-age and height-forage z-scores than do healthy children, putting them at risk for a number of conditions associated with malnutrition.
The present study demonstrated significantly high prevalence rates of T. trichiura and A. lumbricoides infections among the Negrito and Senoi tribes. This study also identified several factors that contribute to the difference in infection prevalence between the three tribes. Given that STHs are intimately associated with poverty, poor hygienic practices and lack of proper basic amenities, it is crucial that these factors are addressed effectively. Different preventive programs are required including health education and promotion, awareness about personal hygiene and environmental sanitation. In addition, scheduled deworming targeting children aged less than 15 years with proper monitoring of the program has to be implemented to help in reducing the community worm burden and re-infection rate. Last but not least, future study may be conducted using more comprehensive diagnostic techniques to determine not only the prevalence of infection but also the intensity and species.
Methods
Study areas. The present study was carried out from June to December 2011 in three different states of Peninsular Malaysia without discriminating age or gender. Specific villages within the locations of Jelebu (2u 559 N latitude, 102u 49 E longitude), Gerik (5u 269 N latitude, 101u 79 E longitude) and Temerloh (3u 439 N latitude, 102u 229 E longitude) in Malaysia were included in this study. These three states have a similar climate; which is a tropical rainforest climate, being hot and humid throughout the year. Orang Asli is a collective term for a group of indigenous people that usually reside in the interior regions of Peninsular Malaysia. They identify themselves by tribes i.e., Proto-Malay, Negrito and Senoi. They comprise about 0.6% of the total population in Malaysia.
Parit Gong village, Jelebu, Negeri Sembilan state is considered a sub-urban area with a population of 496 inhabitants. Most of the residents are primarily involved in farming and rubber tapping. There are also many individuals who are engaged in commercial and professional activities such as teaching and government service 48 . The average temperature in this area is 25.9uC with an average rainfall of 142 mm/ year 49 . The main sub-ethnic group residing in this area is the Temuan and who belong to the Proto-Malay tribe.
RPS Air Banun area, Gerik, Perak state is considered a remote area, located in a valley approximately 40 kilometres from the town of Gerik. The occupations of the inhabitants of the town include farming, rubber tapping and some do odd jobs such as selling forest products. The area comprises of five villages with 10 to15 households in each 50 . The average temperature in this area is 26.9uC with an average rainfall of 180 mm/year 49 . The main sub-ethnic group residing in this area is the Jahai who belongs to the Negrito tribe.
Pasu village, Temerloh, Pahang state is considered a suburban area which is within 10 kilometres from the town of Kuala Krau. Out of 625 residents, 65% are farmers and rubber tappers while the remainders are mostly government and private workers 51 . The average temperature in this area is 26.6uC with an average rainfall of 161 mm/ year 49 . The main sub-ethnic group residing in this area is the Jahut and who belong to the Senoi tribe.
Sample size and sampling strategy. The sample size was calculated for the primary objective taking the prevalence to be estimated at 50% for gives the maximum sample size, with 95% level of confidence and 5% bound on the error of estimation. The minimum sample size required was 385 participants. Simple random sampling method was used to select the households. A list of all the households (the sampling frame) was prepared in a preliminary census type survey.
Questionnaire survey. A structured questionnaire was developed in English and then translated to Malay language (the national language for Malaysia). The questionnaire was pre-tested among Orang Asli who was admitted to Gombak Hospital, Selangor state. Trained research assistants interviewed participants in person, asking questions on demographic data (i.e. age, gender and education level), socioeconomic background (i.e. occupation, household income and educational status), behavioural risks (i.e. personal hygiene such as hand washing and food consumption), environmental sanitation and living condition characteristics (i.e. types of water supply, latrine system, sewage disposal system and presence of domestic animals) and health conditions with history of symptoms (i.e. diarrhoea, nausea, vomiting and abdominal pain). For children (#12 years old), answers from the questionnaire were double-confirmed by interviewing their parents or the guardian who had given informed consent.
Faecal sample collection and analysis. Following the administration of the questionnaire, a wide mouth 100 mL screw-capped container pre-labelled with the individual's name and code was distributed to each participant for the collection of a faecal sample the next day. Their ability to recognize their name was counter-checked. The participant was instructed to scoop a thumb sized faecal sample using a provided scoop into the container. Then, the container was placed into a zip-locked plastic bag. Parents and guardians were instructed to monitor their children during the sample collection in order to ensure that they placed their faecal samples into the correct container. All study participants were asked to provide sufficiently large faecal sample (at least 10 grams) so that both formalin-ether sedimentation and Wheatley's trichrome staining techniques could be performed. This study had to rely on a single faecal sample collection. It was not feasible to collect three faecal samples due to the cultural belief of the Orang Asli against giving of their faecal samples. However, we have applied standard procedures during faecal collection and examination to overcome this limitation.
Faecal samples were processed in the designated area of work in the study village within a maximum of four hours after collection by experienced laboratory technicians. Approximately 5 grams of each faecal sample was kept into a 15 mL centrifuge tube containing 3 mL polyvinyl alcohol (PVA). PVA-fixed samples were forwarded to the parasitological department of the Faculty of Medicine, Universiti Kebangsaan Malaysia. The samples were subjected to Wheatley's trichrome staining. Briefly, the smear cover slip was stained as follows: iodine alcohol (15 minutes), 70% alcohol (10 minutes), trichrome stain (10 minutes), acid alcohol (3 seconds), 95% alcohol (5 minutes), absolute alcohol (5 minutes) and winter green oil (5 minutes) 52 . The cover slip was mounted using DPX and examined under light microscope at magnifications of 3100. Additionally, another half of the samples were kept unfixed and stored at 4uC upon arrival at the laboratory for further analysis using formalin-ether sedimentation. Briefly, 2 grams of faecal sample was mixed with 7 mL of formalin and 3 mL of ether, centrifuged, stained with Lugol's iodine and finally examined under light microscope at magnifications of 340 53 . Sample was reported as positive if ova of helminths were detected by any of the two techniques.
Statistical analysis. Statistical analysis was performed using the SPSS version 20 (SPSS, Chicago, IL, USA). Data was entered in a Microsoft Access and was crosschecked by the technical staff in order to ensure that data were entered correctly. Before each analysis, data were again checked for consistency. Only those individuals who had formalin-ether sedimentation and Wheatley's trichrome staining results together with complete questionnaire data were included in the final analyses.
For descriptive analysis, rate (percentage) was used to describe the characteristics of the studied population, including the prevalence of STHs. A Chi-squares test (x 2 ) was used to test the associations between the variables. In the univariate analysis, the dependent variable was prevalence of STHs, while the independent variables were demographic and socioeconomic factors, behavioural risks, environmental sanitation, living condition characteristics, and gastrointestinal symptoms. All variables that were significantly associated with the prevalence of STHs in the univariate model were included in a logistic regression analysis to identify the risk factors for STHs. For each statistically significant factor, an Odds Ratio (OR) and 95% confidence interval (CI) were computed by the univariate and multivariate logistic regression analyses. The level of statistical significance was set as P , 0.05 because of the small number of participants (n 5 500).
Ethical considerations and treatment. Prior to data collection, the study protocol (Reference Number: UKM 1.5.3.5/244/FF-165-2011) was reviewed and approved by the Ethics Committee of Universiti Kebangsaan Malaysia Medical Centre (UKMMC) and permission for field work was obtained from Department of Orang Asli Development (JAKOA). Village meetings were held and village authorities and villagers were handed detailed explanations of the aims, procedures, potential risks and benefits of the study. During the meeting, they were also informed that their identity and personal information would be kept strictly confidential, and they could withdraw from the study at any point of time without citing reasons for doing so. If they agreed to participate, their consent was obtained in written form (signature) or thumbprint (for those who were illiterate). The parents or guardians were approached for written informed consent on behalf of their children (#12 years old) to give their faecal samples. According to Malaysian law, the parents or guardians need to sign on behalf of their children under 18 years old. All participants that were diagnosed positive with STHs were treated accordingly by the medical personnel from the Ministry of Health, Malaysia at no cost to them.
